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Malnutrition is a prevalent, serious, and often unrecognized health threat for older 
adults in the United States. The prevalence estimates of malnutrition in the elderly are 
highly variable as methods for detection are not standardized. It is dependent on the use 
of the different available tools, the population being studied, and the different settings 
(living at home, institutionalized, or hospitalized) The purpose of this study was to 
determine the spatial variation of the nutritional risk of Area Agencies on Aging (AAA) 
service recipients in South Carolina (SC) using factors that influence the nutritional status 
of older adults included in the DETERMINE Your Nutritional Health nutrition screening 
checklist. In addition, the relationship between neighborhood socioeconomic factors and 
the participation rates in services provided by the AAA by zip codes was examined. A 
cross-sectional secondary analysis of data collected by the OAA in SC was conducted. 
Local Moran’s I and the Getis-Ord Gi* statistic were used to identify clusters of high 
nutritional risk scores by zip code. Principal component analysis was conducted using 
neighborhood socioeconomic characteristic variables collected from the 2010 Census and 
the 2014 American Community Survey 5-year estimates. Regression analysis, using 
participation rates as the dependent variable, was computed with simultaneous entry of 
the factor scores that resulted from the principal component analysis. Results showed 
clusters of higher nutritional risk were observed along South Carolina’s I-95 corridor and 
SC Promise Zone. Three factors were retained from the principal component analysis: 
economic disadvantage, family structure and housing instability. Neighborhood economic 
disadvantage increased participation rates while housing instability decreased these rates. 
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The use of spatial analysis to identify clusters of nutritional risk among AAA nutritional 
services participants can serve as a visual link to engage program leaders in developing 
strategies to better understand this variability and develop strategies to reduce disparities 
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Introduction to the problem 
Malnutrition and Aging 
 Malnutrition is a prevalent, serious, and often unrecognized health threat for older 
adults in the United States. It is defined as any nutritional imbalance that affects both 
overweight and underweight individuals (White et al., 2012). For older adults, this 
concept is complicated because of the many settings along the continuum of care in 
which the elderly receive care (i.e. community-dwelling, hospitalized, institutionalized, 
hospice, etc) (Stallings, 2003).  
 The prevalence estimates of malnutrition in the elderly are highly variable as 
methods for detection are not standardized. It is dependent on the use of the different 
available tools, the population being studied, and the different settings (living at home, 
institutionalized, or hospitalized) (Guyonnet & Rolland, 2015; Torres et al., 2014). As the 
level of care increases, malnutrition rates also increase. Prevalence of malnutrition 
reported in the literature ranges from 5% to 30% in elderly persons living at home, 16% 
to 70% in those in institutional care, and 20% to 60% in hospitalized elderly patients 
(Guyonnet & Rolland, 2015). 
Nutritional status of older adults is determined by genetics, age, gender, health 
status, functional status, cognition and environmental factors (Bernstein & Munoz, 2012). 
Aging is accompanied by physiological, psychological, social and economic changes, 
which may expose older individuals to inadequate nutrition. Adequate nutrition plays a 
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significant role in the health and well-being of older adults. Diet quality and quantity play 
major roles in preventing, delaying onset, and managing chronic diseases associated with 
aging (Kamp, Wellman, & Russell, 2010). Consequences of malnutrition for this 
population include: decreased physical function, increased risk of falls, admission to 
higher level of care, prolonged length of stay in hospitals, increased risk of life-
threatening complications and hospital readmission rates, and increased mortality 
(Agarwal, Miller, Yaxley, & Isenring, 2013; Guyonnet & Rolland, 2015; Poulia et al., 
2012).  
Nutrition screening is a process used to quickly identify those who may be at risk 
of malnutrition so that a full nutrition assessment and appropriate nutrition intervention 
can be provided (Phillips, Foley, Barnard, Isenring, & Miller, 2010). A systematic and 
structured nutritional screening is recommended for early detection of malnutrition to 
counteract the decline of health status caused by deficiencies in macro-and micronutrients 
(Kaiser et al., 2010). Identification of modifiable risk factors that may impede the healthy 
aging process and increase the use of health services is important. Population-level data 
on nutritional status and characterization of people at risk of developing malnutrition 
could help prevent adverse health outcomes and institutionalization.  
 Community nutrition programs aim to provide access to nutrient-dense foods and 
nutritionally adequate meals. They also have the potential to improve nutritional well-
being and promote health, functional independence, and quality of life through targeted 
nutrition screening, assessment, nutrition education, and counseling (Bernstein & Munoz, 
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2012). In the United States, there are a variety of federal food and nutrition programs for 
older adults, these include the Older Americans Act (OAA), the Nutrition Services 
Incentive Program (NSIP), Supplemental Nutrition Assistance Program (SNAP), 
Commodity Supplemental Food Program, Seniors Farmer’s Market Nutrition Program, 
and the Child and Adult Care Food Program (Bernstein & Munoz, 2012; Kamp et al., 
2010).   
The Older Americans Act (OAA) was signed in 1965 as the first federal level 
initiative aimed at providing comprehensive services for older adults. Its mission is to help 
older people maintain maximum independence in their homes and communities and to 
promote a continuum of care for the vulnerable elderly (O’Shaughnessy, 2012).  The 
nutrition services program is authorized under Tittle IIIC of the Older Americans Act. In 
SC, the program uses the assessment instrument, DETERMINE Your Nutritional Risk, to 
identify older adults at higher nutritional risk, to ensure services are provided to those in 
most need.   
 Geographic Information Systems (GIS) are computer-based systems for the 
integration and analysis of geographic data (Cromley & McLafferty, 2011).  Many public 
health programs, such as the OAA, manage large databases that contain geographic 
information which can be integrated based on location. This information is currently 
being used to explore visual representations of the patterns of risk factors and health 
outcomes and communicating these data to others in the form of maps.  Using GIS tools, 
we will examine clustering patterns of higher and lower nutritional risk of older adults 
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participating in the OAA in SC and identify where in the state these are located. In 
addition, we will examine the relationship between neighborhood socioeconomic 
indicators and participation rates in the OAA in SC at the zip code level.  
 A cross-sectional secondary analysis of data collected by the OAA in SC was 
conducted. The objective was to better understand the geographic variation of the 
nutritional risk among older adults participating in the OAA in SC, so that 
recommendations could be made to aid planners and administrators in targeting resources 
and tailoring delivery of OAA nutrition services to older adults that are in most need.  
Statement of the problem 
In 2013, the population of individuals 65 years of age or older was 44.7 million, 
representing 14.1% of the U.S. total population (US Department of Health and Human 
Services, 2014). It is expected that between 2012 and 2050, the United States will 
experience considerable growth in its older population. In 2050, the population aged 65 
and over is projected to be 83.7 million, almost double the estimated population of 43.1 
million in 2012 (Ortman, Velkoff, & Hogan, 2014). In South Carolina, the percentage of 
resident’s over 65 years of age increased by almost 50% between 2000 and 2010, 
outpacing elderly population growth in the nation (10.7%) and the South (19.7%) 
(Johnson & Parnell, 2013).  
Baby boomers are largely responsible for the current increase in the older adult 
population. The Baby Boom refers to the dramatic increase in birth rates, from 1946 to 
1964, following World War II. The baby boomers started turning 65 in 2011 and 
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surviving baby boomers will be 85 by the year 2050 (Ortman et al., 2014). A decline in 
fertility and an increase in life expectancy are also factors that have contributed to the 
growth of the aging population. Life expectancy at age 65 and 85 respectively was 15.2 
and 5.5 years in 1972 and rose to 19.1 and 6.5 years in 2010 (Ortman et al., 2014).  
With the increased proportion of older adults and longer life spans there is a 
higher incidence of chronic conditions that may contribute to declines in health and 
functionality, and negatively affect quality of life. This affects the individual’s ability to 
remain at home and in the community, contributing to increased hospitalizations and 
health care costs. The elderly tend to use twice the medical services as those used by 
people younger than 65 years. Experts at the Centers for Medicare and Medicaid Services 
(CMS) indicate that national health care expenditures rose from approximately $724 
billion in 1990 to $1,377 billion in 2000 and are projected to be $3,130 billion (Keehan et 
al., 2016). Specifically for older adults, it is projected that in 2020-2025 Medicare 
spending will grow an average of 7.6% due to the growth in number of Americans over 
65 years of age (Keehan et al., 2016). A literature review conducted by Abizanda, 
Sinclair, Barcons, Lizán, & Rodríguez-Mañas, 2016 focused on assessing the costs of 
malnutrition of institutionalized or community dwelling older adults found that 
malnutrition is associated with higher healthcare costs in institutionalized or community 
dwelling older adults. The annual burden of disease-associated malnutrition in U.S. adults 
65 years or older is estimated to be $51.3 billion (The Gerontological Society of America 





With the rising costs of health care, good nutritional status is essential to promote 
good health and prevent ill health in older adults. Adequate food and quality nutrition 
services are a prevention, risk reduction, and treatment modality for many of the most 
common chronic conditions, such as hypertension, heart disease, diabetes, osteoporosis 
and obesity (Bernstein & Munoz, 2012).  The main goal for older adults in Healthy 
People 2020 is to “improve the health, function and quality of life.” Maintaining good 
nutritional status is vital for older adults to remain independent in their homes and to 
decrease the risk of disease and disability.  
 
Significance 
As the population continues to age, environmental supports are especially 
important as older adults experience declines in physical mobility, cognitive functioning, 
social networks and social support (Yen, Michael, & Perdue, 2009). Two of the primary 
goals of the U. S. National Institute on Aging strategic plan to improve the health, well-
being, and independence of adults as they age are to “develop effective interventions to 
maintain health, well-being and function and prevent or reduce the burden of age-related 
diseases, disorders, and disabilities” and to “understand health disparities and develop 
strategies to improve the health status of older adults in diverse populations” (National 
Institute on Aging, 2016).   
 This study used screening data collected by Area Agencies on Aging staff of 
factors that influence health-related quality of life and the aging process (disease, eating 
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poorly, tooth loss, economic hardship, reduced social contact, multiple medications, 
involuntary weight loss or gain and assistance in self-care) to identify areas of high 
nutritional risk of OAA participants. Neighborhood socioeconomic factors (economic 
disadvantage, family structure and housing instability) were used to investigate the 
relationship of these factors with older adult’s participation rates in the program. 
Learning about the geographic variation of nutritional risk among OAA participants and 
factors that affect the participation rates can help identify older adults at risk and better 
understand their needs. Results from this study can serve as a visual link to engage 
program leaders in developing strategies to better understand this variability and develop 
strategies to reduce disparities in nutritional risk. 
Purpose of the study 
The purpose of this study was to determine the spatial variation of the nutritional 
risk of Area Agencies on Aging (AAA) service recipients in South Carolina (SC) using 
factors that influence the nutritional status of older adults included in the DETERMINE 
Your Nutritional Health nutrition screening checklist. In addition, the relationship 
between neighborhood socioeconomic factors and the participation rates in services 






To achieve this purpose, the study was guided by the following research questions:  
1. Are there statistically significant differences in average nutrition risk scores 
obtained by the DETERMINE Your Nutritional Health checklist among the AAA 
in SC? 
2. What are the major factors that influence nutrition status (disease, eating poorly, 
tooth loss, economic hardship, reduced social contact, multiple medications, 
involuntary weight loss or gain and assistance in self-care) reported by older 
adults receiving services from the AAA in SC during February 2013-March 2014 
obtained by the DETERMINE checklist?  
3. Is the geographic variation of average nutrition risk scores by zip code in SC 
clustered, dispersed or random according to spatial autocorrelation (Moran’s 
Index) tool?  
4. Where in SC are there statistically significant clusters of both higher and lower 
average nutrition risk scores by zip codes according to the mapping clustering tool 
Getis-Ord Gi* statistic? 
5. What is the relationship between socioeconomic factors (economic disadvantage, 
family structure and movement instability) and the participation rates in services 




Conceptual Framework and Literature Review 
Older Americans Act  
The Older Americans Act (OAA) was signed into law by President Johnson in July 
of 1965.  This was the first federal-level initiative aimed at providing comprehensive 
services for older adults. Its mission is to help older people maintain maximum 
independence in their homes and communities and to promote a continuum of care for the 
vulnerable elderly (O’Shaughnessy, 2012).   
The OAA overall federal coordination is provided by the Administration on Aging 
(AoA), currently one of the units of the Administration for Community Living in the 
Department of Health and Human Services (Siegler, Lama, Knight, Laureano, & Reid, 
2015). Each state has a designated State Unit on Aging (SUA) and a varying number of 
Area Agency on Aging (AAAs) to support key aspects of the program.  
State agencies on aging are required to develop a statewide strategy to plan, 
coordinate, and administer Older Americans Act programs (O’Shaughnessy, 2011). The 
Area Agencies on Aging provide or contract with Local Service Provider’s (LSPs) to make 
available a set of service programs (O’Shaughnessy, 2011). To streamline access to the 
different services for older adults, the Aging Disability Resource Centers (ADRCs) were 
implemented as part of the OAA in 2003. These centers provide information and counsel 
individuals to help them access the support they need based on their needs, preferences, 
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and goals (O'Shaughnessy, 2010). Together these organizations make up the National 
Aging Network. The national aging services network consists of 56 state and territorial 
units on aging (SUA), 629 area agencies on aging (AAA), 246 Tribal and Native Hawaiian 
organizations, and thousands of direct service providers and volunteers (Administration for 
Community Living, n.d.; Siegler et al., 2015).  
The Lieutenant Governor’s Office on Aging (LGOA) is the designated state unit of 
aging for South Carolina. It was established to study, plan, promote, and coordinate a 
statewide program to meet the present and future needs of aging citizens in South Carolina 
and to administer all Federal programs related to aging that are not specific responsibilities 
of another State agency under Federal or State law (Lieutenant Governor's Office on Aging 
[LGOA], 2014). Its mission is “to enhance the quality of life for seniors through advocacy, 
planning and development of resources in partnership with federal, state, and local 
governments, nonprofits, the private sector and individuals” (Lieutenant Governor's Office 
on Aging [LGOA], 2014). 
The LGOA designated ten Area Agencies on Aging (AAA) that have transitioned 
and now operate as Aging and Disability Resource Centers (ADRC) (FIGURE 1). Seven 
of the agencies are housed within regional planning councils and the remaining three are 
private non-profit organizations, two freestanding and one part of a community health 




Figure 2.1. Area Agencies on Aging in South Carolina  
 
The OAA provides financial assistance to state and regional efforts to plan and 
administer the seven authorized titles and multiple service programs. Table 1. shows a 
description of each title. Each state receives OAA funds according to a formula based on 
the state’s share of the U.S. population age 60 and older (Fox-Grage & Ujvari, 2014). All 
programs are administered at the federal level by the AoA, except for the Title V 
community service senior opportunities program which is administered by the U.S. 




Table 2.1. Older Americans Act Structure 
Title I Declaration of objectives. Set out broad social policy objectives oriented to 
improving the lives of all older people. 
Title II Administration on Aging. Establishes the AoA within the Department of 
Health and Human Services as the chief federal agency advocate for older 
persons and sets out the responsibilities of AoA and the Assistant Secretary 
for Aging. Establishes aging network support activities.   
Title III Grants for State and Community Programs on Aging. Authorizes activities 
of state and area agencies on aging and funds for supportive and nutrition 
services, family caregiver support, and disease prevention and health 
promotion activities. 
Title IV Activities for Health, Independence, and longevity. Authorizes research, 
training and demonstration projects in the field of aging.  
Title V Community Service Senior Opportunities Act. Authorizes grants to support 
part-time employment opportunities for unemployed low income people 
age 55 and older who have poor employment prospects.  
Title VI Grants for Native Americans. Authorizes grants for supportive and 
nutrition services to American Indians, Alaskan Native and native 
Hawaiians.  
Title VII Vulnerable Elder Rights Protection Activities. Authorizes grants for the 
long-term care ombudsman program and services to prevent elder abuse, 
neglect and exploitation.  
Source: (O’Shaughnessy, 2011) 
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Older adults that request OAA services will be assessed by the LSPs and reassessed 
annually. Each state has their own assessment/reassessment tools and procedures. All 
individuals aged 60 or older are eligible to receive OAA services. However, services are 
targeted to older adults who are in greatest social and economic need. In particular, 
attention is given to older adults with low-income, who are minorities, residing in rural 
areas, with limited English proficiency and at risk of institutional care (Fox-Grage & 
Ujvari, 2014). States can implement cost-sharing policies on a sliding scale basis or 
encourage voluntary contributions from older adults receiving the different services, 
however services should not be denied due to failure to make these payments 
(O'Shaughnessy, 2011). In many cases, the program must decide to serve some adults 
before others when resources are limited. Each state has their own specific priority policy 
procedures. 
Older adults that receive services through the LGOA must have a full and valid 
assessment approved by each of the AAA’s. The assessment provides a score that helps 
rank older adults according to their needs. In SC, the LGOA Assessment/Reassessment 
instrument is the designated tool (APENDIX A). Clients are initially assessed and then 
reassessed annually by the anniversary date of their initial assessment. Older adults that 
experience a health or life altering change in their status should be reassessed to assure the 
services provided will continue to meet their needs (Lieutenant Governor's Office on Aging 
[LGOA], 2014). 
14 
Nutrition Services Program 
The nutrition services program is authorized under Tittle IIIC of the Older Americans 
Act.  It provides grants to states to help support nutrition services for older people 
throughout the country. The purposes of this program are: (1) reduce hunger and food 
insecurity, (2) promote socialization, (3) promote health and well-being, and (4) delay 
adverse health conditions. 
The program provides access to at least one healthy meal per day, five days a week, 
through the Congregate and the Home Delivered Nutrition Programs. The Congregate 
Nutrition Program provides meals in a group setting (e.g. senior centers, faith-based 
settings, schools, etc.) while the Home Delivered Nutrition Program delivers the meals 
directly to homebound older individuals. In 2013, 2.4 million older adults received 219 
million meals; 62 percent of the meals were served to people in their homes, and 38 percent 
were served in congregate settings (Kowlessar, Robinson, & Schur, 2015). The same year, 
11,115 individuals received 1,609,251 home-delivered meals and 8,858 individuals 
received 769,939 congregate meals in SC (US Department of Health and Human Services, 
2014).  In addition to meal services, the programs may include nutrition risk assessments, 
nutrition education and counseling to program participants. Nutrition education or 
counseling were not offered in the state of SC in 2013 (US Department of Health and 
Human Services, 2014). 
In general, older adults who are 60 years and older are eligible to apply to receive 
these services. Priority is given to those with greatest economic and social need and high 
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nutritional risk. High nutritional risk is determined by scoring six or more points (out of 
21) on the DETERMINE Your Nutritional Health Checklist. To receive home-delivered 
meals, older adults must be homebound due to illness, incapacitating disability or other 
isolating conditions. The AoA uses this checklist to characterize the population being 
served; however, some states use a modified version of this tool (Sinnett et al., 2010). The 
SC LGOA Assessment/Reassessment instrument included the original version of the 
DETERMINE checklist (Lieutenant Governor's Office on Aging [LGOA], 2014).   
OAA meals are required to adhere to the Dietary Guidelines for Americans, provide 
at least one-third of the Dietary Reference Intakes, meet state and local food safety and 
sanitation requirements, and be appealing to older adults (Kowlessar et al., 2015). Special 
dietary needs of clients with written documentation from the individual’s healthcare 
provider must be considered in all menu planning, food selection, and meal preparation. 
Meals modified for health reasons may be provided if sufficient number of persons need 
modified diets and the skills necessary to plan and prepare the menus are available in the 
area. The extra cost of modified meals is permitted as long as this does not result in a 
significant reduction in the total number of meals provided (Lieutenant Governor's Office 





Nutritional status and Aging  
Nutritional status is the state of a person’s overall health as influenced by levels of 
nutrients and diet (Bernstein & Luggen, 2010). Older adults are an extremely 
heterogeneous group with different nutrition, health, and social needs. Aging is 
accompanied by physiological, psychological, social and economic changes, which may 
expose older people to inadequate nutrition (Nykanen, Lonnroos, Kautiainen, Sulkava, & 
Hartikainen, 2013). According to Bernstein and Luggen (2010), nutritional status of older 
adults is determined by genetics, age, gender, health status, functional status, cognition and 
environmental factors. As shown in Figure 2.2, nutritional status influences how a person 
ages (solid lines in the figure), in turn, the process of aging affects nutritional status of 
individuals (dash lines in the figure). Poor nutrition among aging populations is shown to 
be related to higher morbidity rates leading to hospitalization with extended length of stay, 
more frequent and general practitioner visits and intensive nursing care (Abizanda et al., 
2016; Guyonnet & Rolland, 2015). 
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Figure 2.2. Factors that Influence Aging and Quality of Life  
Source: Bernstein, M., & Luggen, A. (2010). Nutrition for the older adult. Jones & Bartlett 
Learning. [Used with permission of Jones and Bartlett Learning] 
The nutrition screening tool included as part of the eligibility criteria to determine 
the need for the OAA nutrition services is the DETERMINE Your Nutritional Health 
checklist. The following section describes factors that influence aging and quality of life 
included as warning signs of poor nutrition in the checklist. 
Disease 
Aging is accompanied by an increased likelihood of suffering from chronic 
diseases. In the United States, approximately 80% of all persons 65 years of age and 
older have at least one chronic condition, and 60% have two or more conditions  (Centers 
for Disease Control and Prevention, 2011; U.S. Department of Health and Human 
Services & Office of Disease Prevention and Health Promotion, 2016). In 2014, the 
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leading causes of death for individuals 65 years and older were: diseases of the heart, 
malignant neoplasms, chronic lower respiratory diseases, cerebrovascular diseases, 
Alzheimer’s disease, and diabetes mellitus (National Center for Health Statistics (US), 
2016). Most of these diseases have a known nutritional influence (Bernstein & Munoz, 
2012) and may affect appetite, functional ability or ability to swallow, all leading to 
altered food intake and impairment of nutritional status (Leslie & Hankey, 2015) 
 People with lower education, limited income, specific races or ethnic 
backgrounds, and specific geographic locations, among other factors, are 
disproportionately affected by chronic diseases. These factors are frequently the result of 
social disadvantage and vulnerability (Bauer, Briss, Goodman, & Bowman, 2014).  
 Having two or more chronic conditions has multiple consequences. In a literature 
review including 41 articles related to aging and multi-morbidity or coexistence of 
multiple chronic diseases, the authors found significant consequences such as increased 
disability, poor quality of life, higher health care utilization and costs (Marengoni et al., 
2011). Preventing chronic diseases and reducing associated complications is an essential 
strategy for keeping older adults healthy 
Medications 
The use of numerous different medications by a patient who has one or more 
health issues is considered as polypharmacy. According to the National Health and 
Nutrition Examination Survey (NHANES), older adults 65 or older have doubled their 
medication use from 1988 to 2010 from two to four medications respectively, this use is 
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quadrupled for individuals taking five or more medications (Charlesworth, Smit, Lee, 
Alramadhan, & Odden, 2015). This increase can be attributed to an increased used of 
statins, anti-hypertensive, antidiabetic and antidepressant drugs (Charlesworth, Smit, Lee, 
Alramadhan, & Odden, 2015).  
Medications interact with foods and nutrients in foods or may increase the need 
for specific nutrients. Food and drug interactions can also be problematic for those taking 
vitamins, minerals and other supplements with medications (Kamp et al., 2010). 
Medications have side effects that affect appetite behavior, including but not limited to, 
nausea, decreased appetite, dry mouth and metallic taste (Heuberger & Caudell, 2011; 
Hickson, 2006). Loss of taste can be exacerbated by disease and medications. Many 
drugs can change taste and smell, including those in the following groups: lipid lowering 
drugs, antihistamines, antibiotic, anti-inflammatories, bronchodilators and other asthma 
drugs, anti-hypertensives, Parkinson’s Disease treatments, and antidepressants (Hickson, 
2006). These issues could decrease food intake and compromise one’s nutritional status.  
Polypharmacy can also result in lack of adherence to medications, increased risk of drug 
duplication, drug interactions, and higher health care costs.  Polypharmacy may also be 
associated with poor functional status and decreased cognitive capacity.  
Diet quality and quantity 
It is recommended that people 50 years or older follow a healthy eating pattern. 
According to the 2015-2020 Dietary Guidelines for Americans, a healthy eating pattern 
includes, but is not limited to: eating a variety of vegetables, fruits, and fat-free or low-fat 
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dairy (U.S. Department of Health and Human Services & U.S. Department of 
Agriculture, 2015). Consumption of adequate amount of fruits and vegetables is 
associated with good nutritional status and a reduced risk of chronic diseases that have a 
higher prevalence in older age (De Morais et al., 2013).  Major studies have estimated 
that only 21–37% of men and 29–45% of women aged 65 and older achieve the 
recommended servings per day (Nicklett & Kadell, 2013).  In a sample of European older 
adults, a low average number of fruits and vegetables per day was associated with 
nutritional risk (De Morais et al., 2013).  
In a study conducted with independently living older adults in New York 
(n=1,306) participating in the Cardiovascular Health of Seniors and the Built 
Environment Study 2009-2011, the mean Healthy Eating Index-2005 (HEI-2005) were 
72.0 and 69.4 for women and man respectively (Deierlein, Morland, Scanlin, Wong, & 
Spark, 2014).  Older adults consumed adequate amounts of carbohydrate and protein. 
However, energy, fiber, calcium, magnesium, potassium, zinc, folate and vitamins A, B6, 
C, D and E were below the recommendations. On the other hand, energy from total fat, 
saturated fat, trans fats and added sugars were within the upper range or exceeded the 
recommendations.   
The place where food or meals are purchased also influences quality of the diet of 
older adults. Supermarkets often offer a wider variety of food items, including healthier 
food items, and lower food prices compared with smaller food stores.  In disadvantaged 
neighborhoods, access to healthy foods is difficult and prices are often higher (Nicklett & 
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Kadell, 2013). Many older adults are unable to drive and transportation to food stores is 
limited in their communities. In addition, due to demanding transportation requirements 
for meal delivery volunteers, meal delivery programs for older adults have less reach in 
rural communities (Nicklett & Kadell, 2013). 
Dental problems 
Older adults often suffer from gum disease, tooth loss, decay, and mouth 
infections. A study conducted in a sample of community-dwelling Europeans, aged 65 
years and older, revealed that difficulty in chewing was associated with nutrition risk (De 
Morais et al., 2013). Edentate people reported greater difficulty with eating a range of 
foods and experiencing more chewing problems and mouth dryness than with natural 
teeth or dentures (Hickson, 2006). Choosing food easy to chew may be a solution for 
elders with poor oral health, but it can lead to the exclusion of nutrient-dense foods. The 
National Diet and Nutrition Survey showed that energy intake was lower in edentate 
people leading to micronutrient deficiency such as calcium, iron, vitamins A, C, E and 
some of the B vitamins (Hickson, 2006). 
Food security  
Food insecurity is defined as “the limited or uncertain availability of nutritionally 
adequate and safe foods or a limited or uncertain ability to acquire acceptable food in 
socially accepted ways” (Coleman-Jensen, Gregory, & Rabbitt, 2016, … and Food 
Insecurity?, para. 1).  Food insecurity among individuals 60 years of age and older has 
more than doubled from 2.3 million in 2001 to 4.8 million in 2011 (Ziliak & Gundersen, 
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2013). This constitutes 8.4% of all seniors in 2011 and it is expected to continue to 
continue to grow (Ziliak & Gundersen, 2013). In South Carolina, 9.29% of older adults 
experienced food insecurity which was above the national estimate.  
The most likely individuals to suffer food insecurity are those aged 60 years and 
older, living at or below poverty, high school drop outs, renters, African Americans or 
Hispanics, divorced or separated, or living with a grandchild (Kamp et al., 2010). Food 
insecurity is associated with poor food and nutrient intake, poor self-reported health 
status, obesity, physical and mental health problems, higher cardiovascular risk factors, 
poor diabetes self-management, medication non-adherence, and increased healthcare 
service use, all of which may contribute to the development or exacerbation of diet- 
related chronic illnesses (Lee, 2013). Many low-income older adults with multiple 
chronic conditions and limited financial resources may be forced to choose between basic 
food and healthcare needs and are at an increased risk of cutting back expenses for food, 
medical care, or medications (Lee, 2013). 
Among those who had any positive expenditure, food-insecure individuals had 
similar Medicare expenditures but lower out-of-pocket expenditures than their 
counterparts. Such deficits, however, reinforce the existence of disparity in healthcare 
access and potentially imply underutilization of needed medical care services across 
subgroups of the older population, which potentially lead to differential effects on 
nutritional health status, overall well-being, and successful aging. 
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In general, population groups with the lowest health status are also those with the 
highest poverty rates. Poverty rates are associated with food insecurity, limited access to 
medical care and decreased opportunity to engage in health-promoting behaviors such as 
physical activity (Bernstein & Munoz, 2012). 
Isolation  
Factors such as bereavement and social isolation can negatively influence dietary 
practices (Hickson, 2006; Leslie & Hankey, 2015).  The European Project, Food in later 
life study (Holmes & Roberts, 2011) revealed that living arrangements were related to 
nutritional risk.  Unmarried subjects, especially those who were single or living alone, 
were more likely to be at higher risk than married participants (De Morais et al., 2013). 
Deierlein et al. (2014) found that being married or living with a partner was positively 
associated with a Healthy Eating Index-2005 (HEI-2005) score greater than 80. Due to 
traditional gender roles, men who live alone may have difficulty purchasing foods and 
preparing meals for themselves. Women may also be less likely to cook or prepare meals 
for themselves as cooking for one takes time and may feel burdensome; as a 
consequence, meals may become limited to snacks or sandwiches (Leslie & Hankey, 
2015). 
Weight changes 
Energy intake decreases with age and micronutrient deficiencies are more likely to 
occur with a reduced energy intake (Hickson, 2006). Undernutrition places additional 
demands on older adults, such as increased infections, pressure ulcers, imbalance of 
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electrolytes, altered skin integrity and overall weakness and fatigue.  Weight loss in older 
adults can be divided into three distinctive types:  
• Wasting: An involuntary weight loss, which is primarily caused by inadequate 
dietary intake. It can be attributed to either disease or psychosocial factors.  
• Cachexia: A complex metabolic syndrome associated with underlying illness and 
characterized by loss of muscle with or without loss of fat mass (Agarwal et al., 
2013). 
• Sarcopenia: An involuntary loss of muscle mass which may be an intrinsic part of 
the aging process rather than the effect of age-associated disease. It is known to 
be associated with increased frailty, loss of strength, reduced physical function 
and diminished capacity to exercise (Agarwal et al., 2013).  
At the other end of this spectrum, obesity and overweight are common among 
older adults which is associated with risk of poor functional status (Kamp et al., 2010).  
Sarcopenia is often associated with underweight, but sarcopenic obesity can be more 
severe as muscle mass loss may be greater due to immobility in addition to increasing age 
(Kamp et al., 2010).  Older adults in low-income households often eat less expensive, 
convenient, low nutrient dense foods.  Elderly people expend less energy as a result of 
lower metabolic rates and changes in lifestyle with increased levels of sedentary 
behaviors (Jones, Duffy, Coull, & Wilkinson, 2009).  
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Neighborhood Environment and Nutrition Status of Older Adults  
Individual-based explanations of the causes of poor nutritional status among older 
adults are insufficient and fail to capture important determinants of nutritional status. 
Neighborhoods possess both physical and social attributes that could affect the nutritional 
health of individuals. These characteristics could also be important contributors to 
inequalities of health. Environmental supports are especially important as older adults 
experience declines in physical mobility, cognitive functioning, social networks and 
social support. In general, the literature has concluded that living in a poor, deprived, or 
socioeconomically disadvantaged neighborhood is generally associated with poor health 
outcomes including greater mortality, poorer self-reported health, adverse mental health 
outcomes, greater prevalence of chronic disease factors, and greater incidence of diseases 
such as cardiovascular disease and diabetes (Diez Roux & Mair, 2010; Prince et al., 
2015; Yen et al., 2009).  
The presence of neighborhood segregation by socioeconomic indicators may 
suggest that the local food environment may contribute to socioeconomic differences in 
health (L. V. Moore & Diez Roux, 2006).  Supermarkets often offer a wider variety of 
food items, including healthier food items, and lower food prices compared with smaller 
food stores. Studies investigating links between presence of food stores and diet found 
that neighborhood residents with better access to supermarkets and other retail stores that 
provide access to healthful food products tend to have healthier food intakes (Diez Roux 
& Mair, 2010). Access to healthful foods is limited in poorer neighborhoods because 
stores are less likely to carry nutritious foods and those with special dietary needs. 
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Healthy food including whole-grain products, low-fat dairy foods and fresh fruits and 
vegetables may be less available and cost more in poor minority neighborhoods than in 
wealthier ones. For low-income older adults, the price and perceived worth of food are 
important considerations in food purchases.  
Availability of transportation services in the community is very important. Poor 
neighborhoods are often located in rural areas where access to local stores and health 
services require longer distances. Many older adults do not drive or can no longer afford 
a car. The combination of declines in physical and cognitive functioning, increased 
discomfort with driving, and fewer contacts with social network members could lead to a 
greater dependence on the immediate residential neighborhood for services (Yen et al., 
2009). Individuals without transportation rely on others to shop or on the availability of 
local food programs to get their meals. In addition, due to demanding transportation 
requirements for meal delivery volunteers, meal delivery programs for older adults have 
less reach in rural communities (Nicklett & Kadell, 2013). 
Poor neighborhoods can be characterized by housing instability. Housing 
instability refers to involuntary moves, such as for evictions or foreclosures or the need to 
move to less expensive housing (Bhargava, Lee, Jain, Johnson, & Brown, 2012). This has 
been linked to poorer health. Older adults are at a high risk of housing instability due 
income loss because of forced retirement, ageism in the job market, and limited pension 
benefits and retirement savings (Waldbrook, 2013).  Additionally, older adults with 
physical disabilities or cognitive impairment often cannot maintain their homes. 
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Affordable housing could prevent them from cutting back on other basic needs such as 
food and medication. Only 4 percent of homeowners are food insecure compared with 
14.6 percent of renters, and only one in 100 homeowners suffer from hunger compared to 
one in 20 renters (Ziliak et al., 2008).  
Nutrition screening  
Nutrition screening is recommended as the first step in the nutritional care process 
and it aligns well with the current, national focus on preventive care (Watson, Farrell, 
Arensberg, & Dwyer, 2015). The American Society for Parenteral and Enteral Nutrition 
(A.S.P.E.N) defines nutrition screening as “a process to identify an individual who is 
malnourished or who is at risk for malnutrition to determine if a detailed nutrition 
assessment is indicated (Field & Hand, 2015, p 824).”  
Nutrition screening tools need to be simple, easy to use, acceptable to patients and 
cost-effective (Phillips et al., 2010). They should meet the criteria for reliability, validity, 
sensitivity and specificity (Green & Watson, 2006). Tools are selected on the basis of 
who will perform the nutrition screening and the resources available to perform the 
screenings. Screening should be done regularly to identify changes in risk.  
Since malnutrition in the elderly is multifactorial and there is no single “gold 
standard” tool, several nutrition screening tools have been developed (Guyonnet & 
Rolland, 2015). Tools used with community-dwelling older adults include: Mini 
Nutritional Assessment-Short Form (MNA-SF), Malnutrition Universal Screening Tool 
(MUST), Nutrition Screening Initiative (NSI) which includes the DETERMINE 
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Checklist and Level I and Level II Screen, Australian Nutritional Screening Initiative 
(ANSI), Seniors in the Community: Risk Evaluation for Eating and Nutrition (SCREEN I 
and SCREEN II), Short Nutritional Assessment Questionnaire (SNAQ©), Simplified 
Nutritional Appetite Questionnaire (SNAQ) (Phillips et al., 2010). 
Risk factors assessed with the various nutritional screening tools vary. Many of 
the tools include anthropometric measures such as weight, height and Body Mass Index 
(BMI).  Some tools assess dietary intake, factors affecting intake, access to food, and 
social factors, but their accuracy may be limited since most rely on self-reported 
responses. 
It is important that the tools being used to screen individuals are validated. The 
use of tools that have not been validated or validated for a different population could 
negatively influence patient care and increase risk for misdiagnosis of nutrition-related 
problems (Guyonnet & Rolland, 2015). Screening tools can be validated by (1) testing a 
new tool against a valid screening tool or (2) by testing the new tool against a valid 
assessment tool (Field & Hand, 2015).  Sensitivity and specificity testing is commonly 
used to test the validity of these tools. Sensitivity is the ability of the tool to detect the 
proportion of subjects with the disease of interest (true positives), and specificity refers to 
the ability of the tool to detect the proportion of subjects without the disease of interest 
(true negative). Since screening tools are designed to identify risk, it is most important to 
avoid false negatives. The sensitivity of the screening tools ranged from 14% for the NSI 
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to 98% for the MNA-SF, and the specificity of the tools ranged from 11% for the NSI to 
98% for the SNAQ (Phillips et al., 2010). 
It is important to note that screening should lead to treatment and must offer 
benefits for both the public’s health and the economy (Rush, 1993). Malnutrition 
identification does not improve outcomes unless is followed by effective nutritional care. 
When an individual is considered at a high risk after a nutritional screening, further 
nutritional care must be provided.  
A nutrition assessment identifies a nutrition problem and its cause and 
recommends an intervention (Guyonnet & Rolland, 2015).  Nutritional assessment 
methods are more comprehensive and used by trained professionals such as dietitians, 
physicians, nurses or research assistants. Timely malnutrition identification and nutrition 
intervention in older adults while they are living in community settings should be a 
primary goal for healthcare professionals (Hamirudin, Charlton, & Walton, 2016).  
DETERMINE Your Nutritional Risk Checklist 
In 1990, the Nutrition Screening Initiative (NSI) was developed as a collaborative 
effort to help practitioners identify and ameliorate malnutrition in older Americans. This 
initiative was led by American Dietetic Association (now the Academy of Nutrition and 
Dietetics), the American Academy of Family Physicians and the National Council  on 
Aging with funding provided by Abbot laboratories (De Groot, Beck, Schroll, & van 
Staveren, 1998; Posner, Jette, Smith, & Miller, 1993; Watson et al., 2015). Its ultimate 
goal was to increase awareness of nutrition problems to promote more timely 
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interventions in prevention, treatment, and care of malnutrition in non-institutionalized 
older adults (Posner et al., 1993; Watson et al., 2015).  These materials were promoted by 
the Administration on Aging and federal funds were awarded for research on screening 
and interventions (Watson et al., 2015). 
One of the tools developed by NSI was the DETERMINE Your Nutritional 
Health checklist. It is considered the first step in a two-tiered approach to screening and 
assessment. It was designed to enhance the older person’s understanding of the 
determinants of nutritional well-being and promote consideration of nutritional problems 
by health professionals (De Groot et al., 1998).  The tool is not a clinical diagnostic tool 
but can assess overall health and identify individuals with nutrient intakes below the 
Recommended Dietary Allowances.  
The tool consists of a brief ten-item checklist with Yes/No responses given 
different weights associated with the nutritional risk it assesses. The tool is written at a 
fourth-to sixth grade reading level to facilitate its use. It could be self-administered or 
administered by a family member or caregiver. The cumulative score can range between 
0 and 21. Subjects with a score ≥6 are considered at high nutritional risk. A 3-5 score 
indicates a moderate nutritional risk, where as a 0-2 score is classified as good nutritional 
status. Because the checklist estimates potential risk, not all individuals with high scores 
will present malnutrition.  
  Posner et al. (1993) evaluated the checklist in a sample of 749 individuals 70 
years or older from the New England Elders Dental study. They reported a sensitivity of 
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46% and specificity of 85%, however these were based on the same sample used to 
develop the checklist scores. In a study using the Survey in Europe on Nutrition and the 
Elderly (SENECA) (n=1161) the checklist categorized 11% as in good health, 41% at 
moderate risk and 48% at high nutritional risk. When compared to biochemical 
indicators, both the sensitivity and specificity were below 60% (De Groot et al., 1998).  
The checklist helped practitioners identify older people with low intakes and poor 
health, but was not validated as a diagnostic data collection instrument (De Groot et al., 
1998; Watson et al., 2015). However, it was validated for educational purposes and for 
encouraging dialogue among health professionals and older patients (Watson et al., 
2015). The tool is used more than any other screening tool for non-institutionalized older 
adults.  The Administration on Aging has supported the incorporation of nutrition 
screening as part of the protocols of programs that serve the elderly and has promoted the 
use of the NSI checklist because it is relatively inexpensive and easy to incorporate  
(Barrocas, White, Gomez, & Smithwick, 1996; Lee, Sinnett, Bengle, Johnson, & Brown, 
2011). 
The DETERMINE has been subjected to extensive testing, however there is no 
conclusive evidence that the tool is valid. Some authors suggest the DETERMINE your 
Nutritional Health should be used for education purposes (Watson et al., 2015).  Others, 
like the study conducted in a sample of European community dwelling older adults, 
concluded that with some limitations, the DETERMINE checklist can be useful to 
identify poor nutritional status in this setting (De Morais et al., 2013).  
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Geographic Information Systems  
 Geographic information systems (GIS) include tools that capture, store, analyze 
and manage data linked to geographical locations (Cromley & McLafferty, 2011; Detres, 
Lucio, & Vitucci, 2014; Taylor, Yeager, Ouimet, & Menachemi, 2012). GIS combines 
cartography and attribute data of a specific population (i.e. social, demographic, 
economic, political, health outcomes, etc.) to allow the integration of multiple data 
sources and the application of spatial analytic techniques to answer a variety of questions. 
Results from spatial analyses conducted using GIS (i.e. patterns in the data) can be 
presented in the form of visually appealing, high-impact maps. These maps can tell 
stories and communicate relationships in a way that otherwise may not be possible with 
other data presentation techniques (Nykiforuk & Flaman, 2011).  
GIS technology has been used by organizations such as the World Health 
Organization (WHO) and Centers for Disease Control (CDC).  In the United States, 
efforts to disseminate the use of GIS are reported since 1976 when the National Center 
for Health Statistics gathered representatives from federal agencies and the research 
community to increase awareness of computer-based mapping and geographical analysis 
(Cromley & McLafferty, 2011). In the 90’s the Agency for Toxic Substances and Disease 
Registry (ATSDR) held a workshop on GIS applications and its use for risk analysis. In 
addition, GIS sessions began to appear in programs of public health conferences of 
recognized associations. This lead to the development of trainings by federal agencies 
and university-based researchers for public health professionals. The U.S. Department of 
Health and Human Services helped promote GIS technology by including the objective of 
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“increasing the proportion of all major, national, state, and local health agencies that use 
geocoding to promote nationwide use of geographic information systems (GIS) at all 
levels.” as part of the Healthy People 2010.  
Public health agencies usually manage large databases that contain geographic 
information that can be meaningfully integrated based on location.   GIS has been used in 
public health as an analytic tool to organize and analyze health-related data for disease 
surveillance, health access and planning, and community profiling.   
Disease surveillance refers to the compilation and tracking of data on incidence, 
prevalence, and spread of disease. GIS can be used to track historical trends of a disease 
or at the present time. This tool can also be applied to predict the future spread of the 
disease, identify factors that may foster or inhibit disease transmission, pin-point high 
risk areas for disease prevention or intervention, target control areas, identify gaps, and 
increase stimulus for data collection in a specific place (Nykiforuk & Flaman, 2011).  
Health access describes relationships between population need for a service and 
the attributes of the service delivery system. GIS tools can aid planners and 
administrators in targeting resources and tailoring delivery of services where they are 
most needed and where effectiveness will be maximized. Others have studied the 
physical location of health services providers and the distance or ability of its users to 
travel between them. Maps created to evaluate access to health services helped the 
general public, health care providers and policy makers to effectively use research data to 
better target the needs of a community (Detres et al., 2014; Nykiforuk & Flaman, 2011).  
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Community health profiling is the compilation and mapping of population health 
data in a community. These data can include socio-demographic characteristics 
morbidity, mortality, health behaviors, health outcomes, and direct and indirect factors 
influencing health (Detres et al., 2014) linked with community churches, restaurants, 
schools, grocery stores, hospitals and clinics, roads, and public utilities (Nykiforuk & 
Flaman, 2011). Community profiles could be used to develop hypotheses and act as a 
catalyst for obtaining more information about individuals, families or neighborhoods; 
observe general relationships between the health of the community, the environment and 
health outcomes; track changes in the health of a community over time; and make 
suggestions for follow-up analysis and research (Nykiforuk & Flaman, 2011).  
Overall, this integration of data is essential for health policy planning, decision 
making, and ongoing surveillance efforts. This technology can be used in conjunction 
with other methodologies such as interviews, focus groups, and community discussions 
to understand why problems occur in certain geographic areas and what the most 
appropriate interventions for that community are (Detres et al., 2014). It has enabled 
researchers to locate high prevalence areas and populations at risk, identify areas in need 
of resources, and make decisions on resource allocation (Cromley & McLafferty, 2011). 
Furthermore, GIS can serve as a visual link to engage community participation in 
developing data based strategies and strategically plan activities to reduce a specific 
health outcome (Detres et al., 2014). 
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The value of maps for public health analysis has long been recognized; John 
Snow’s now classic maps of cholera cases in relation to the Broad Street pump are a good 
example. Nutrition researchers have used geographic information systems to assess the 
availability of fresh fruits and vegetables, the diversity of stores in the food environment, 
explore community-level overweight and obesity, food desserts, and program 
participation (Matthews, Moudon, & Daniel, 2009; Stopka, Krawczyk, Gradziel, & 
Geraghty, 2014). 
Spatial clustering  
Identifying and explaining clusters of a specific health outcome can serve to 
directly target prevention and intervention strategies (Huang, Moudon, Cook, & 
Drewnowski, 2015). GIS technology can be used to analyze the spatial clustering of 
disease in populations. Spatial analysis methods offer a means of filtering health 
information in order to describe geographical patterns and identify unusual occurrences 
of health events (Cromley & McLafferty, 2011). Cluster detection methods can be 
divided into three groups:  
• Global methods: methods that assess overall clustering in a study area. 
• Local methods: Methods that identify clustering locations  
• Focused methods: Methods that assess clustering around a point source.  
Spatial analysis of health outcomes and related variables can be undertaken at a 
range of aggregations from local to international, data permitting (Nykiforuk & Flaman, 
2011). Selecting the most appropriate unit of analysis depends on the availability of data, 
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as well as the scale or geographical extent to which policies and interventions may be 
most effective (Penney, Rainham, Dummer, & Kirk, 2014).  Analyses conducted using 
large geographical units such as provincial/state boundaries may not provide results at a 
resolution suitable for more local policies or decisions for health prevention (Penney et 
al., 2014). In addition, problems that are important at the state level may not be equally 
present in every community, and health interventions that might work in some places 
may not work equally well in others.   
Access to individual level data permits aggregation to areas of a size meaningful 
for intervention or the development of health policy (Penney et al., 2014). Unit of 
analysis varied among the studies reviewed such as census-tract  (Stopka et al., 2014), to 
larger health regions (Pouliou & Elliott, 2009). The spatial relationship between features 
(i.e census tracts, zipcodes, health areas, etc.) need to be defined to conduct both spatial 
autocorrelation and mapping clustering analysis. This procedure defines the spatial 
neighbors for the analysis based on contiguity and proximity. For polygon data (i.e. zip 
codes, census tracts, etc.), the contiguity relationship considers as neighbors all areas that 
share a boundary. To determine the neighbors by proximity a central location or centroid 
needs to be determine. Then, the distance between centroids and a specific point 
determines the neighbors of a determined area (i.e. all points within a mile radius of the 
centroid). When using point data (i.e. health care setting locations), the contiguity 
relationship uses Thiessen polygons, or polygons that demarcate the area that is closer to 
a particular point feature than to any other point (Cromley & McLafferty, 2011). The 
proximity relationship, uses a determined distance between points. The most common 
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spatial relationships used in the studies reviewed were “contiguity_edges_only” (Pouliou 
& Elliott, 2009), inverse distance weighting (Penney et al., 2014) and fixed distance 
(Stopka et al., 2014). 
Most of the studies used a 2-step spatial analysis. First a spatial autocorrelation 
was used to determine if the attribute value was dispersed or clustered throughout the 
geographic area of interest. All of the studies used Moran’s  Index statistic as the spatial 
correlation tool (Huang et al., 2015; Penney et al., 2014; Pouliou & Elliott, 2009; Stopka 
et al., 2014). Second a mapping clustering analysis was used to indicate where the 
clusters are located. For this purpose studies reviewed used: the local indicator of spatial 
autocorrelation (LISA) (Pouliou & Elliott, 2009) and Getis-Ord Gi*(Penney et al., 2014).  
Studies have used geographic information systems to evaluate the spatial 
distribution of obesity and overweight (Penney et al., 2014; Pouliou & Elliott, 2009).  
The studies used 3 cycles of the Canadian Community Health survey data. Results 
revealed a marked geographical variation in overweight / obesity prevalence with higher 
values in the Northern and Atlantic health-regions and lower values in the Southern and 
Western health regions of Canada (Pouliou & Elliott, 2009). Another study that focused 
only in the province of Nova Scotia found that urban centers tended to have lower 
incidence of overweight and obesity while rural areas had higher incidence rates (Penney 
et al., 2014). Other studies have used GIS to target better participants in need of services. 
Stopka et al. (2014) used GIS to identify the geographic regions of California that contain 
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clusters of non-participant women eligible for the Women, Infants, and Children program 
services.     
One limitation of the usage of GIS is that not all health agencies or organizations 
have the trained staff, software and hardware necessary to apply this technology 
(Cromley & McLafferty, 2011). Users need to carefully consult someone with expertise 
in the specific-health related GIS application they are interested in using. Not all maps 
are equal and caution must be taken when interpreting outputs from maps created.  
We are unaware of any studies that have used geographic information systems or 
spatial statistics to assess the nutritional risk of older adults.  Chapter three will describe 
the methodology we followed to examine the geographical variation of the nutritional 
risk of older adults at risk and the relationship of program participation with 











Methods and procedures 
Study design 
The study was a cross-sectional population-based secondary data analysis using 
data from the Lieutenant’s Governor’s Office on Aging assessment/Re-assessment from 
2/1/2013 till 3/1/2014. 
Data Sources  
 The data were collected from prospective AAA service participants and/or their 
caregivers with the Lieutenant Governor’s Office on Aging assessment instrument. Data 
was gathered from 2/1/2013 till 3/1/2014. Each client receiving any services from AAA is 
initially assessed and then reassessed annually on the anniversary of their initial 
assessment, or if he/she had a significant change in his/her health or financial status. When 
individuals were reassessed multiple times during this period of time, only the most recent 
assessment was included (n=17,616). 
The Assessment/Re-assessment Form included geographical variables including: 
state, county, city, and zipcode. Using the county provided for each of the assessments a 
“Region” variable was created to classify the assessments according to the different 
AAA/ADRCs in South Carolina.  
Before July 2013, the Lieutenant Governor’s Office on Aging Assessment/Re-
assessment form included a modified version of the DETERMINE Your Nutritional Risk 
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Checklist. Table 3.1 shows the differences between the checklists used before and after 
July 2013. After July 2013, seven questions were condensed into three. Answers to the 
assessments with the version previous to July 2013 were changed to the most recent format 
in the LGOA Assessment/Re-assessment form. If one or more questions of the expanded 
version replied “yes” then the condensed question after July 2013 was considered a “yes”. 
If all of the questions in the expanded version were “no” then the answer was considered a 
“no”. Assessments with missing or incomplete information for the DETERMINE nutrition 
checklist were not considered for this study (n=15,928)  
Table 3.1 Changes in the DETERMINE Your Nutritional Risk Checklist included in the 
LGOA Assessment/Re-assessment form before and after July 2013.   
Before July 2013  After July 2013 
1. I eat few fruits  
2. I eat few vegetables 
3. I eat few milk products   
1. I eat few fruits, vegetables or milk 
products 
1. Without wanting to, I have lost ten 
pounds in the last six months 
2. Without wanting to. I have gained 
ten pounds in the last six months  
1. Without wanting to, I have lost or 
gained ten pounds in the last six 
month. 
1. I am not always physically able to 
shop for myself. 
2. I am not always physically able to 
cook for myself 
3. I am not always physically able to 
feed myself. 
1. I am not always physically able to 
shop, cook and/or feed myself. 
  
The age of the participants as of 3/1/2014 was calculated using the date of birth 
included in the LGOA Assessment/Re-Assessment Form. Assessments with a missing date 
of birth were excluded from the study. Aging programs funded through the OAA, require 
that services are directed to individuals 60 years or older. In special cases, younger 
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individuals are allowed to participate in the program. For this study, we only considered 
assessments of individuals 60 years or older (n=15,928). 
The total nutrition risk score was calculated according to the weights indicated in 
the DETERMINE The LGOA establishes that to be eligible for nutrition services the older 
adult must have a minimum score of 6 or higher in the DETERMINE checklist. This study 
only included individuals with nutrition risk scores of 6 or higher (n=12, 590). 
The LGOA Assessment/Re-Assessment Form included a question related to race.  
The assessment form allowed participants indicate if they were: (1) African 
American/Black, (2) American Indian/ Alaskan, (3) Asian, (4) Hawaii/ Pacific Islander, 
(5) White, (6) Some other race, (7) 2 or more Races and (8) Race missing. Approximately 
99% of the sample reported being African American/Black or White.  For the purpose of 
this study, “Race” variable was classified as African American/Black or White (n=12,454). 
Assessments with missing data for race or gender were not considered for this study.   
In regards marital status, participants could answer if they were: (1) married, (2) 
single (3) widowed, (4) divorced, (5) separated, (6) unknown or (7) other.  Participants 
(n=816) that replied “other” were removed from the analysis due to the ambiguity of this 
response (n=11638).  
 Geographical analyses are sensitive to the selected unit of analysis. Large 
provincial/state boundaries may not provide results at a resolution suitable for the 
development of more local policies or decisions. For the present study we used zip codes 
as the unit of analysis. Each of the OAA included in the study was allocates to one of the 
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424 zip codes in SC. Counts of individuals per zip code were summed and average total 
nutritional risk scores per unit of analysis was calculated.   
Cartographic boundary files 
The cartographic boundary files were obtained from the Census Bureau’s 
MAF/TIGER geographic database.  For the purpose of this study, 2015 cartographic 
boundary maps at the county and 5-digit ZIP Code Tabulation area for the United States 
were downloaded at a resolution of 1:500,000. South Carolina state boundaries were 
clipped to obtain the maps at the state level.  
Coordinate system and map projections  
 The coordinate system is a system used to represent the location of geographic 
features with a common geographic framework.  Cartographic boundary files obtained 
used geographic coordinate systems to project the data (GCS_North America_1983). This 
system uses a three-dimensional spherical surface to define locations on the earth with 
angular units of measure. Maps must be transformed from a three-dimensional surface to 
create a flat map that will allow to measure distances and areas in linear units like feet or 
meters. The two-dimensional surface refers is known as the projected coordinate system.  
The state plane coordinate system was designed by the US Coast and Geodetic 
Survey of the United States in the 1930’s in order to provide a standard for map projections 
within the United States (Maher, 2013).  
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Data analysis  
 Statistical analyses were performed using JMP Pro 12® software. An average 
nutrition risk score was obtained for each region. Frequencies and percentages of positive 
answers for each of the questions in the DETERMINE checklist were calculated. To 
determine differences in average nutritional risk among AAA, means were compared using 
Tukey’s HSD for multiple pairwise comparisons of the average nutritional risk scores by 
AAA. Statistical significance was determined at a p-value <0.05. To provide results at a 
resolution suitable for the development of more local policies and prevent malnutrition 
among participants of the nutrition services program of the OAA in SC, data was 
aggregated at the zip code level and average nutrition risk scores for each zip code were 
computed to be used for spatial analysis.   
Spatial analysis   
Spatial analyses were done using ArcMap 10.3® software by ESRI. Spatial 
autocorrelation Moran’s I tool measures spatial autocorrelation based on both feature 
locations and feature values simultaneously (Environmental Systems Research Institute 
[ESRI], 2016). This tool was used to measure whether the pattern of total nutritional risk 
of OAA participants was clustered, dispersed or random (Figure 3.1) among zip codes in 
SC. The tool calculates the Moran’s Index and an Expected Index Value. These values are 
compared and statistical significance is determined using a z-score and a p-value calculated 
according to the number of features and the variance of the data values. The Moran’s Index 
values falls between -1 and +1. Moran’s Index is positive when high values cluster near 
other high values or low values cluster near low values; and negative when high values are 
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near low values. The spatial relationship for this study was defined as 
“Contiguity_edges_corners”. This relationship considers the zip codes that share a 
boundary or a node for the computations of the target zip code. 
Figure 3.1 Differences between a dispersed spatial pattern and a clustered spatial pattern. 
Since Moran’s Index indicated that the average total nutrition risk score of OAA 
participants is clustered among zip codes in SC, we used mapping clusters tools to identify 
the location of statistically significant hot spots and cold spots. The hotspot analysis tool 
calculated the Getis-Ord Gi* statistic and returned a z-score and a p-value for the average 
total nutritional risk score for each zip ocode. The spatial relationship for this analysis was 
“Contiguity_edges_corners”, thus neighboring zip codes had a shared boundary or node. 
A hot spot was determined when a zip code with a high average total nutritional risk was 
surrounded by other zip codes of high average total nutritional risk. On the opposite, a cold 
spot was determined when a zip code with a low average total nutritional risk was 
surrounded by low values of average total nutritional risk score. A high z-score and small 
p-value for a feature indicates spatial clustering of high values. A low negative z-score and
a small p-value indicates spatial clustering of low values. 
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The tool also calculated a Gi_Bin field that identifies statistically significant hot and cold 
spots. Features in the +/- 3 bins reflect statistical significance with a 99 percent confidence 
level; features in the +/- bins reflect a 95 confidence level; features in the +/-1 reflects a 90 
percent confidence level; and the clustering for features in bin 0 is not statistically 
significant.  
Principal component analysis  
Statistical analyses were performed using JMP Pro 12® software. Neighborhood 
indicators used to describe social and economic aspects of each zip code cannot be 
measured with a single variable. The large number of variables needed to explain these 
relationships are often inter-correlated and make the analysis hard to interpret. Principal 
component analysis with varimax rotation was used to collapse the ten variables used to 
describe neighborhood socioeconomic factors into a smaller number of variables. Factor 
scores were calculated for each zip code for each of the combinations of variables. 
Finally, a regression analysis using participation rates as the dependent variable and each 
of the combined variables for community structure as the independent variables were 







SPATIAL VARIATION OF THE NUTRITIONAL RISK OF OLDER ADULTS 
PARTICIPATING IN THE OLDER AMERICANS ACT IN SOUTH CAROLINA 
In Preparation to Journal of Public Health Nutrition 
Abstract 
Objectives:  To determine the spatial variation of the nutritional risk of Area Agencies on 
Aging (AAA) service recipients in South Carolina (SC); to identify major factors that 
may contribute to increased risk; and to make policy recommendations that would better 
target nutrition services to those most in need.  
Design: The study design was a cross-sectional secondary analysis of data comprised of 
service recipient responses to the DETERMINE Your Nutritional Health Checklist items 
which were collected by AAA staff from February 2013-March 2014. Frequencies and 
percentages of positive answers for each of the DETERMINE checklist items were 
calculated. A nutritional risk score was then calculated for each of the participants 
(n=11,638) and an average nutritional risk score was calculated for each AAA (n=10) and 
zip code region (n=374). Student t-tests were conducted to identify statistically 
significant differences in average nutritional risk scores between AAA’s regions.  Local 
Moran’s I and the GetisOrdGi* statistic were used to identify more localized clusters of 
high nutritional risk scores by zip code.  
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Results: Three major factors that contribute to high nutrition risk scores in this sample 
were polypharmacy (87.9%), the presence of chronic diseases (79.5%) and diet quality 
(77.6%). Our results indicate there is a significant variation of nutritional risk scores by 
zip code. Clusters of higher nutritional risk were observed along South Carolina’s I-95 
corridor and SC Promise Zone. 
Conclusion: The use of spatial analysis to identify clusters of nutritional risk among AAA 
nutritional services participants can serve as a visual link to engage program leaders in 
developing strategies to better understand this variability and develop strategies to reduce 













In 2013, the population of individuals 65 years of age or older was 44.7 million, 
representing 14.1% of the U.S. total population (US Department of Health and Human 
Services, 2014). It is expected that between 2012 and 2050, the United States will 
experience considerable growth in its older population. In 2050, the population aged 65 
and over is projected to be 83.7 million, almost double its estimated population of 43.1 
million in 2012 (Ortman et al., 2014). In South Carolina, the percentage of resident’s over 
65 years of age increased by almost 50% between 2000 and 2010, outpacing elderly 
population growth in the nation (10.7%) and the South (19.7%) (Johnson JH & Parnell, 
2013).  
Aging is accompanied by physiological, psychological, social and economic changes, 
which may expose older people to inadequate nutrition (Nykanen et al., 2013). 
Nutritional status of older adults is determined by genetics, age, gender, health status, 
functional status, cognition and environmental factors (Bernstein & Munoz, 2012). Diet 
quality and quantity play major roles in preventing, delaying onset, and managing chronic 
diseases associated with aging (Kamp et al., 2010). 
The Older Americans Act (OAA) was the first federal-level initiative aimed at 
providing comprehensive services for older adults. Its mission is to help older people 
maintain maximum independence in their homes and communities and to promote a 
continuum of care for frail  elderly (O’Shaughnessy, 2012).  The act provides financial 
assistance to state and regional efforts to plan and administer multiple services, including 
nutritional services program which aim to: (1) Reduce hunger and food insecurity, (2) 
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promote socialization, (3) promote health and well-being, and (4) delay adverse health 
conditions. Nutrition services include providing access to at least one healthy meal per day, 
five days a week, in group settings (i.e. senior centers, faith-based settings, schools, etc.)  
or directly to homebound older individuals. In addition to meals, services may include 
nutrition risk assessments, nutrition education, and counseling to program participants. 
In South Carolina, the Lieutenant Governor’s Office on Aging (LGOA) is the 
designated “State Unit on Aging” and administers federal funds received through the OAA. 
It was established to study, plan, promote, and coordinate a statewide program to meet the 
present and future needs of aging citizens in South Carolina (Lieutenant Governor's Office 
on Aging [LGOA], 2014). To deliver services at a more local level, the state is divided into 
ten Area Agencies on Aging AAA and a variable number of Local Service Providers (LSP).  
(Figure 4.1). 




Figure 4.1 Area Agencies on Aging in South Carolina  
In general, older adults who are 60 years and older are eligible to receive nutritional 
services with intended priority for those in greatest economic and/or social need and high 
nutritional risk. High nutritional risk is determined by scoring six or more points (out of 
21) on the DETERMINE Your Nutritional Health Checklist included in the LGOA 
Assessment/Reassessment Form (Lieutenant Governor's Office on Aging [LGOA], 2014).  
 Geographic information systems (GIS) include tools that capture, store, manage 
and analyze data linked to geographical locations (Taylor et al., 2012). These tools provide 
opportunities to associate individuals with characteristics of their local environment and to 
assess spatial patterning of health outcomes such as the nutritional risk. GIS tools can be 
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used to identify areas of highest risk, focus efforts to better understand population needs, 
and guide decisions for resource allocation in order to better serve their needs.  
The purpose of this research was to determine the spatial variation of the 
nutritional risk of AAA service recipients in SC and factors that may contribute to an 
increased risk. Awareness of clusters of higher nutritional risk could lead to a better 
understanding of regional factors affecting the nutritional health of program participants 
and additional nutrition intervention efforts in these areas.  
Methods 
To achieve study aims, a cross-sectional secondary analysis of data collected by 
AAA’s from February 2013-March 2014 was completed yielding mean nutritional risk 
scores for each AAA region. The data were collected from prospective AAA service 
participants and/or their caregivers with the Lieutenant Governor’s Office on Aging 
assessment instrument. Each client receiving any services from AAA is initially assessed 
and then reassessed annually on the anniversary of their initial assessment, or if he/she 
had a significant change in his/her health or financial status. The self-report assessment 
includes geographical variables (i.e. state, county, city, and zip code). A “region” variable 
was created using the county of residence reported by the participant. This variable 
determined which of the ten AAA the participant belonged to. The study was approved 
by Clemson University Institutional Review Board as an exempt study because data from 
program participants were de-identified.  
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The DETERMINE Your Nutritional Health checklist is included in the AAA’s 
was part of the LGOA assessment/re-assessment form. The checklist is a brief 10-item 
assessment developed jointly by the American Dietetic Association, the American 
Academy of Family Physicians and the National Council  on Aging to aid health 
professionals and providers of nutritional support services in identifying older adults at-
risk for malnutrition (Buys et al., 2014). Each of the items is weighted with a numerical 
score. Nutrition risk scores were calculated for each client using the checklist and 
cumulative scores can range from 0 to 21. Subjects with a score of ≥ 6 are considered at 
high nutritional risk. 
For the purpose of this study, only individuals 60 years of age or older that were 
classified as a high nutritional risk were included in the analysis as these conditions align 
with the eligibility criteria of the Nutrition Services Program of the OAA Nutrition 
Program Services in SC.  When individuals were reassessed multiple times between 
February 2013-March 2014, only the most recent assessment was included in the data 
analysis. Assessments with missing information for geographical and demographic 
variables or the DETERMINE checklist were not included. 
For the GIS mapping, cartographic boundary files were obtained from the Census 
Bureau’s MAF/TIGER geographic database.  For the purpose of this study, 2015 
cartographic boundary maps at the county and 5-digit zip code tabulation area for the 
United States were downloaded at a resolution of 1:500,000. South Carolina state 
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boundaries were clipped to obtain the maps at the state level and transformed to a projected 
coordinate system. 
Data analysis  
Statistical analyses were performed using JMP Pro 12® software. An average 
nutrition risk score was obtained for each region. Frequencies and percentages of positive 
answers for each of the questions in the DETERMINE checklist were calculated. To 
determine differences in average nutritional risk among AAA, means were compared 
using Tukey’s HSD for multiple pairwise comparisons of the average nutritional risk 
scores by AAA. Statistical significance was determined at a p-value <0.05. To provide 
results at a resolution suitable for the development of more local policies and prevent 
malnutrition among participants of the nutrition services program of the OAA in SC, data 
were aggregated at the zip code level and average nutrition risk scores for each zip code 
were computed to be used for spatial analysis.  Spatial analyses were conducted using 
ArcMap 10.3® software by the Environmental Systems Research Institute (ESRI).  Zip 
codes were used as the unit of analysis. Prior to the analysis, the conceptualization of the 
spatial relationship was defined. Since our unit of analysis is a polygon feature we used 
“Contiguity_edges_corners” relationship. This relationship considers the zip codes that 
share a boundary or a node as neighbors for the computations of a specific zip code. 
Spatial autocorrelation Moran’s I tool measures spatial autocorrelation based on 
both feature locations and feature values simultaneously (Environmental Systems Research 
Institute [ESRI], 2016). This tool was used to determine whether the distribution of total 
nutritional risk of OAA participants in SC was clustered, dispersed or random among zip 
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codes in SC. It calculates the Moran's I Index value, and both a z-score and p-value 
evaluating the significance of that index. When the p-value is small and the absolute value 
of the z score is large enough that it falls outside of the desired confidence level, we reject 
the null hypothesis that features on our map are randomly distributed. The Moran’s Index 
values fall between -1 and +1. Moran’s Index is positive when high values cluster near 
other high values or low values cluster near low values; and negative when high values are 
near low values.  When the index is 0 there is no spatial autocorrelation and the values of 
a specific attribute are randomly distributed in the geographical area or interest.  
Moran’s Index is useful to determine if the data are randomly distributed or 
clustered.  For this reason, we used mapping clustering tools to identify the location of 
statistically significant hot spots and cold spots. The hot spot analysis tool calculated the 
Getis-Ord Gi* statistic and returned a z-score and a p-value for the average total nutritional 
risk score for each zip code. A hot spot was determined when a zip code with a high average 
total nutritional risk was surrounded by other zip codes of high average total nutritional 
risk. On the opposite, a cold spot was determined when a zip code with a low average total 
nutritional risk was surrounded by other zip codes with low values of average total 
nutritional risk score. A high z-score and small p-value for a feature indicates spatial 
clustering of high values. A low negative z-score and a small p-value indicates spatial 
clustering of low values. The tool also calculated a Gi_Bin field that identifies statistically 
significant hot and cold spots. Features in the +/- 3 bins reflect statistical significance with 
a 99 percent confidence level; features in the +/-2 bins reflect a 95 confidence level; 
55 
 
features in the +/-1 reflects a 90 percent confidence level; and the clustering for features in 
bin 0 were not statistically significant.  
Results  
Our study included the nutrition risk scores of 11,638 recipients of the AAA 
services in the state. Table 4.1shows mean nutritional risk score and sample size for each 
of the AAA or regions. The table also shows the connecting letters report that 
summarizes the results of the comparison of all possible pair of means. AAA not 
connected by the same letter are significantly different. Our results indicate a potential 
presence of clusters of significantly higher nutritional risk scores among their service 
recipients in 2013 in Lower Savannah, Pee Dee, and Berkeley-Charleston-Dorchester 
Area Agencies on Aging.  
Table 4.1.  South Carolina’s Area Agencies on Aging Mean Nutrition Risk Score   
Area Agency on Aging 
(region number)  
No of 
participants 
    Mean nutrition 
Risk Score 
Lower Savannah (5) 1,267 A    11.67 
Pee Dee (7) 1,525 A    11.40 
Berkeley-Charleston-Dorchester (9) 2,016 A    11.39 
Santee Lynches (6) 733  B   10.87 
Appalachian (1) 1,674   C  10.06 
Lowcountry (10) 691   C D 9.94 
Central Midlands (4) 970   C D 9.66 
Catawba (3) 1,067    D 9.57 
Waccamaw (8) 912    D 9.46 
Upper Savannah (2) 783    D 9.38 





Table 4.2 shows the frequencies and proportions of positive answers for each of 
the questions in the DETERMINE checklist.  Three major factors that contribute to these 
high nutrition risk scores in this sample were polypharmacy (87.9%), the presence of 
chronic diseases (79.5%) and diet quality (77.6%). Individuals in Lower Savannah, Pee 
Dee, and Berkeley-Charleston-Dorchester, AAA’s with significantly higher average 
nutritional risk scores, reported the same major risk factors. The consumption of alcohol 
was reported by less than 10% of individuals in the overall sample and by region.  
Spatial analysis included data for 374 zip codes in the 46 counties of the state of 
South Carolina. To test the null hypothesis that features on our map are randomly 
distributed, we used the Moran’s Index statistic. The Moran’s Index values (Moran’s I= 
0.274, z-score=8.469 and p-value <0.001) indicated, that there is a less than 1 % 
likelihood that the clustered pattern of the nutritional risk score of service recipients of 
the AAA is the result of random chance. 
Results from the Getis-Ord Gi* statistical test or hot spot analyses displays 
statistically significant clusters of the nutritional risk score of older adults receiving 
services of the AAA in SC (Figure 4.2). Zip codes in different shades of red denoted the 
hot spot clusters of participants with significantly higher nutritional risk scores than the 
mean nutritional risk score of participants in for all zip codes in SC (P<0.1, P<0.05, 
P<0.001).  Yellow zip codes were not statistically significant different from the mean 
nutritional risk score of individuals that participated in the program in SC. Blue zip codes 
denoted cold spots or lower nutritional risk scores of participants, at significant levels of 
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P<0.1, P<0.05 and P<0.001. Zip codes for which our sample did not have any 
participants are represented in the map as white.  
Table 4.2 Frequencies and percentages of individuals that replied “Yes” to each of the 
DETERMINE your nutritional risk checklist questions for Lower Savannah, Pee Dee, 
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Results show that statistically significant hot spots clusters of zip codes of older 
adults with higher nutritional risk score where located in 17 counties: 6 counties in Lower 
Savannah AAA (Aiken, Barnwell, Allandale, Orangeburg, Calhoun, Bamberg), 6 
counties in Pee Dee AAA (Chesterfield, Marlboro, Dillion, Darlington, Florence), 3 in 
Berkeley-Charleston-Dorchester AAA (Berkeley, Dorchester, Charleston) and 3 in 
Santee Lynches AAA (Claredon, Lee, Sumter). Cold spots or clusters of lower nutritional 
risk scores were found in 17 counties as well:  3 counties in Upper Savannah AAA 
(McCormick, Edgefield, Saluda), 2 counties in Waccmaw AAA (Horry and 
Georgetown), 2 counties Catawba AAA (York and Chester), 4 counties in Central 
Midlands AAA (Newberry, Fairfield, Lexington, Richland), 5 counties in Appalachian 








Figure 4.2 Hot spot analysis of the average nutritional risk score by zip code of 
participants of the OAA in SC, 2013.  
Discussion 
This study showed the proportion of positive answers for each of the questions in 
the DETERMINE checklist and illustrated the variability of the nutritional risk of older 
adults receiving nutritional services from the AAA’s in SC in 2013. Three major risk 
factors found in our sample were the presence of chronic diseases, taking more than 3 
medications per day and diet quality. 
The existence of a single chronic condition is a significant predictor of functional 
status decline, with the risk increasing up to the presence of four or more chronic 
conditions, Functional status has a direct impact on food security, diet quality, weight 
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status, and independence. Almost 80% of our sample indicated the presence of a chronic 
disease that affects the way they eat.  Similar to our results in the United States, 
approximately 80% of all persons 65 years of age and older have at least one chronic 
condition, and 60% managed 2 or more conditions  (Centers for Disease Control and 
Prevention, 2011; U.S. Department of Health and Human Services & Office of Disease 
Prevention and Health Promotion, 2016).  
Multiple diseases lead to the use of multiple drugs also known as polypharmacy. 
According to the National Health and Nutrition Examination Survey (NHANES), older 
adults 65 or older have doubled their medication use from 1988 to 2010 from 2 to 4 
medications respectively and quadrupled for individuals taking 5 or more medications 
(Charlesworth et al., 2015). This increase can be attributed to an increased used of statins, 
anti-hypertensive, antidiabetic and antidepressant drugs. Eighty-eight percent of our 
sample reported taking 3 or more prescribed drugs or over the counter drugs per day.  
Polypharmacy is another a risk factor for malnutrition and can result in lack of 
adherence to medication, increased risk of drug duplication, drug interactions, higher 
health care costs and may be associated with poor functional status and decreased 
cognitive capacity. Medications interact with foods and nutrients in foods or may 
increase the need for specific nutrients. Food and drug interactions can also be 
problematic for those taking vitamins, minerals and other supplements with medications 
(Kamp et al., 2010). Often drugs have side effects that affect appetite behavior, including 
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but not limited to, nausea decreased appetite, dry mouth and metallic taste (Heuberger & 
Caudell, 2011; Hickson, 2006). 
It is recommended that people 50 years or older follow a healthy eating pattern. 
According to the National Institute of Aging a healthy eating pattern includes eating a 
variety of vegetables, fruits and fat-free or low-fat dairy. Functional and cognitive decline 
can interfere with the ability to complete the cycle of tasks required for meal preparation 
further increasing the risk for malnutrition. In poor neighborhoods, access to healthy 
foods is difficult and prices are often higher (Nicklett & Kadell, 2013).  Transportation is 
a major area of need for many older adults who are unable to drive to obtain groceries. In 
addition, increasing expenses related to transportation required to bring seniors to meal 
sites and deliver meals to the home, nutrition service programs that provide healthy meals 
to older adults have less reach in rural communities (Nicklett & Kadell, 2013). In SC 
transportation has been identified as a priority need. 
The Moran’s Index and the Getis-Ord Gi* statistic confirm the presence of spatial 
heterogeneity with a pattern of clustering along South Carolina’s I-95 corridor and SC 
Promise Zone. The corridor is a diverse and expansive region of 17 counties (Bamberg, 
Beaufort, Calhoun, Clarendon, Colleton, Darlington, Dillion, Dorchester, Florence, 
Hampton, Jasper, Lee, Marion, Malboro, Orangeburg, Sumter, and Williamsburg) with 
nearly a million citizens, stretching from North Carolina to Georgia. These counties are 
characterized as rural with lower median household income, higher poverty rates, and 
greater disparities in access to healthcare and quality education compared to other areas 
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of SC (Heidari & Myers, 2013). Despite advantages, including proximity to the coast and 
major transportation routes, the corridor has long been under-developed resulting in 
problems ranging from cyclical poverty to lagging health and social well-being indicators 
(T. Moore & Lawrence, 2009).  
The Promise Zones is a White House initiative lead by the U.S. Department of 
Agriculture (USDA) and the Department of Housing and Urban Development (HUD) and 
the collaboration of 13 federal partners. The initiative designates as Promise Zones high 
poverty communities where the federal government partner with local leaders to increase 
economic activity, improve educational opportunities, leverage private investment, 
reduce violent crime, enhance public health and address other priorities identified in the 
community (U.S. Department of Housing and Urban Development, 2014). The SC 
Promise Zone includes all of Allandale, Bamberg, and Hampton and parts of Barnwell, 
Colleton, and Jasper counties. These counties are located in the Low Country west to 
interstate 95. This area holds a population of 90,004 individuals with a poverty rate of 
28.12% and a underemployment of 14.7% (U.S. Department of Agriculture, 2015). 
Hot spots of high nutritional risk among AAA participants were found in 11 of the 
17 counties of the I-95 corridor and 3 of the 6 counties in the Promise Zone. Similar to 
our results, Heidari & Myers (2013) found that the highest diabetes mortality rates in the 
state were along the I-95 corridor.  Corridor residents also have higher than average rates 
of obesity, high blood pressure and other maladies (T. Moore & Lawrence, 2009).  
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Considering the expected growth in the aging population, prevention should be a 
priority of community nutrition efforts. Two of the primary goals of the U. S. National 
Institute on Aging strategic plan to improve the health and well-being and independence 
of adults as they age are to “develop effective interventions to maintain health, well-being 
and function and prevent or reduce the burden of age-related diseases, disorders, and 
disabilities” and to “understand health disparities and develop strategies to improve the 
health status of older adults in diverse populations” (National Institute on Aging, 2016).  
Percentages of positive answers for each of the DETERMINE checklist items can help 
identify factors affecting the nutritional status of older adults in the program, however to 
determine causal relationships further assessment and research is needed. Evidence-based 
prevention programs for chronic disease self-management are effective in preventing and 
managing chronic conditions and help older adults remain independent in their homes.  
The use of spatial analysis to identify clusters of nutritional risk among AAA 
nutritional services participants can serve as a visual link to engage program leaders to 
better understand the geographical variability in nutritional risk and reduce its disparities. 
GIS tools can help identify areas of high nutritional risk where services are not being 
provided or need to be modified.  According to LGOA South Carolina Aging Network’s 
Policies and Procedures Manual, the use of GIS technology is encouraged to determine if 
the targeted populations are being served. Even though all AAA have access to this 
technology not all agencies or organizations have the trained staff, software and hardware 
necessary to apply GIS technology (Cromley & McLafferty, 2011).  
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Limitations of our study included results being based on 1-year of self-reported 
data for program participants of services provided by AAA in SC, lack of state wide 
standards and training related to assessment administration, and the inability to view the 
number of meals clients received per week. It is recommended to standardize the 
administration of the assessment tool, continue monitoring the nutritional risk geographic 
variation for longer periods of time and utilize Registered Dietitians, as stated in the 
Older Americans Act, in the planning and implementation of nutrition services to better 
understand the needs of this population.  
Opportunities to expand and enhance the nutrition service program are present 
and adaptations will be necessary to face the growing senior population.  Opportunities 
within the current system include refining data entry to show how many meals per week a 
client receives in order to ensure program participants are those in greatest need and that 
the service are being delivered at a frequency to minimize food insecurity and promote 
good nutritional status. Reassessing the placement of meal sites using GIS technology is 
an important tool to minimize the difficulties related to transportation. Partnering with 
businesses and moving beyond the traditional service delivery model used in SC is going 
to be essential in order to engage the Baby Boomer generation and in preparation for 
Generation X. Exploring creative solutions to revitalize flagging meal sites and 
identifying new opportunities to provide meals with socialization in areas where older 
adults live and frequent are critical to the programs continued success. Willingness to 
relocate underutilized meal sites and instituting partnerships with existing foodservice 
operations are strategies that may play a role in the success of the program as the number 
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of seniors increases. In addition, these results are only representative of AAA’s service 
recipients and not all the older adults in SC. 
As a conclusion, this research could be used to engage and solicit active 
participation of various key players in the state to improve nutritional status of older 
adults. It can also guide resource allocation decisions, target outreach efforts, and help 
guide public health policy and program enhancement decisions. Strategies to enhance 
delivery of food and nutrition services are key in improving nutritional health and quality 
of life of older adults. These efforts should be multidisciplinary including dietitians, 











RELATIONSHIP BETWEEN NEIGHBORHOOD SOCIOECONOMIC FACTORS 
AND THE PARTICIPATION RATES IN THE OLDER AMERICANS ACT 
PROGRAM IN SOUTH CAROLINA 
Abstract  
Objective:  To examine the relationship between neighborhood socioeconomic factors 
and the participation rates in services provided by the Area Agencies on Aging (AAA) by 
zip code. 
Design: The study consisted of a cross-sectional secondary analysis of data. Participation 
rates were calculated using the number of participants divided by the total number of 
individuals 60 years or older in each zip code (n=371), according to the Census 2010. 
Principal component analysis was conducted using 10 neighborhood socioeconomic 
characteristic variables collected from the 2010 Census and the 2014 American 
Community Survey 5-year estimates. Regression analysis, using participation rates as the 
dependent variable, was computed with simultaneous entry of the factor scores that 
resulted from the principal component analysis.  
Results: Three factors were retained from the principal component analysis: economic 
disadvantage, family structure and housing instability. These explained 62% if the 
variance in the set of variables.  The three factors accounted for 22.2% of the variance of 
the participation rates in services provided by the AAA’s.   
Conclusion: Findings from this study suggest that neighborhood socioeconomic 
characteristics are associated with participation rates of services provided by AAA’s. 
67 
 
With the expected growth of the older adult population, functions such as nutrition 
service needs assessment, planning and development as well as nutrition education and 
assessment, goal setting, and evaluation should be increased. However increased resource 
allocation is required. 
Introduction  
Food insecurity is defined as “the limited or uncertain availability of nutritionally 
adequate and safe foods or a limited or uncertain ability to acquire acceptable food in 
socially accepted ways” (Coleman-Jensen, Gregory, & Rabbitt, 2016).  Food insecurity 
among individuals 60 years of age and older has more than doubled from 2.3 million in 
2001 to 4.8 million in 2011 (Ziliak & Gundersen, 2013). This constitutes 8.4% of all 
seniors in 2011 and it is expected to continue to continue to grow (Ziliak & Gundersen, 
2013). In South Carolina, 9.29% of older adults experienced food insecurity, this 
percentage was above the national estimate.  
Individuals 60 years of age and older have nutritional and health characteristics 
distinct from people in other age groups. Aging is accompanied by physiological, 
psychological, social and economic changes, which may expose older adults to higher 
rates of food insecurity. Individual sociodemographic and economic factors such as being 
a young senior, living at or below poverty, high school dropouts, being divorced or 
separated or living with a grandchild can limit the resources available for food acquisition 
(Ziliak, Gundersen, & Haist, 2008). In addition, poor health status, loss of cognitive 
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heath, and functional impairments could limit the ability of older adults to prepare, 
access, and eat food that is available at the household (Bernstein & Munoz, 2012).  
Neighborhoods possess physical and social characteristics that could affect the 
health of individuals. Living in a poor, deprived, or socioeconomically disadvantaged 
neighborhood is generally associated with poor health outcomes including greater 
mortality, poorer self-reported health, and greater prevalence of chronic diseases (Diez 
Roux & Mair, 2010).  Furthermore, limited access to healthful foods or adequate 
shopping opportunities and inadequate availability of community-based food assistance 
programs in disadvantaged neighborhoods could increase the prevalence of food 
insecurity among the elderly population.  
The Older Americans Act (OAA) was the first federal-level initiative aimed at 
providing comprehensive services for older adults. Its mission is to help older people 
maintain maximum independence in their homes and communities and to promote a 
continuum of care for frail  elderly (O’Shaughnessy, 2012).  The act provides financial 
assistance to state and regional efforts, through Area Agencies on Aging (AAA) to plan 
and administer multiple services, including nutritional services program which aim to: (1) 
Reduce hunger and food insecurity, (2) promote socialization, (3) promote health and well-
being, and (4) delay adverse health conditions.  
Federal funding for OAA services was $1.88 billion for FY 2014, this was 
roughly the same as it was in FY 2004 (Fox-Grage & Ujvari, 2014). Almost 43% of 
federal appropriation goes to home-delivered meals and meals in congregate settings 
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(Fox-Grage & Ujvari, 2014). The population of individuals 65 years of age or older was 
44.7 million, representing 14.1% of the U.S. total population (US Department of Health 
and Human Services, 2014). It is expected that between 2012 and 2050, the United States 
will experience considerable growth in its older population. In 2050, the population aged 
65 and over is projected to be 83.7 million, almost double its estimated population of 43.1 
million in 2012 (Ortman et al., 2014). As the older adult population continues to grow, it 
will be important to evaluate and improve these programs and the social policies related 
to them. 
The overall purpose of this study is learn if the AAA’s are targeting their services 
to older adults most in need. The study objective is to examine the relationship between 
neighborhood socioeconomic factors and the participation rates in services provided by 
the AAA by zip codes.  
Methodology 
To achieve study aims, a cross-sectional secondary analysis of data was 
completed. We replicated the methodology  used to examine the relationship between 
child maltreatment rates and community structural factors (Coulton, Korbin, Su, & 
Chow, 1995; Ernst, 2001). The data were collected from prospective AAA service 
participants and/or their caregivers with the Lieutenant Governor’s Office on Aging 
(LGOA) assessment instrument. The self-report assessment includes geographical 
variables (i.e. state, county, city, and zip code). Each client receiving any services from 
AAA is initially assessed and then reassessed annually on the anniversary of their initial 
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assessment, or if he/she had a significant change in his/her health or financial status. Only 
the most recent assessment was included in the data analysis. Assessments with missing 
information were not included. Additionally, only individuals 60 years of age or older 
that were classified as a high nutritional risk (according to the DETERMINE Your 
Nutritional Health checklist) were included in the analysis as these conditions align with 
the eligibility criteria of the Nutrition Services Program of the OAA Nutrition Program 
Services in SC. 
  Participation rates were calculated using the number of participants of AAA 
services divided by the total number of individuals 60 years or older in each zip code, 
according to the Census 2010. Neighborhood socioeconomic characteristic variables were 
collected from the 2010 Census and the 2014 American Community Survey 5-year 
estimates. The unit of analysis at the geographical level was zip code.  Table 5.1 shows 
the definitions of the variables in the study. The study was approved by Clemson 
University Institutional Review Board as an exempt study because data from program 








Table 5.1 Variable definitions  
Variable  Definition  Source  
Female headed 
houses 
% of female-headed households with 
children 
2010 Census, SF1 
Poverty rate % of poor persons  2014 American 
Community Survey, 5-
Year Estimates 







% vacant housing units  2010 Census, SF1 
Black /white ratio no. blacks / no. whites  2010 Census, SF1 
Elderly population  % population over 65 years  2010 Census, SF1 
Child /adult ratio No. of children (ages 0-14) /no. adults 
ages 21 years and older.  
2010 Census, SF1 
Male /female ratio No. Adult male (21-64) /no. adult 
female (21-64) 
2010 Census, SF1 
Tenure <10 years % of households in residence less 




Recent movement  % of households that moved in 1 year  2014 American 
Community Survey, 5-
Year Estimates 
Participation  no. AAA service recipients / no. of 
older adults 60 years or older  
LGOA assessment  




For the purpose of this study, only individuals 60 years of age or older that were 
classified as a high nutritional risk (according to the DETERMINE Your Nutritional 
Health checklist) were included in the analysis as these conditions align with the 
eligibility criteria of the Nutrition Services Program of the OAA Nutrition Program 
Services in SC. When individuals were reassessed multiple times between February 
2013-March 2014, only the most recent assessment was included in the data analysis. 
Assessments with missing information for geographical and demographic variables or the 
DETERMINE checklist were not included.  
Zip codes were used as the unit of analysis. Structural components estimates may 
be more heterogeneous than what it is true for the residents of the area, however data at 
the zip code level could serve to describe neighborhood socioeconomic characteristics. In 
addition, this is smallest unit of analysis readily available in all data sources used. 
Data analysis 
Statistical analyses were performed using JMP Pro 12® software. Neighborhood 
indicators used to describe social and economic aspects of each zip code cannot be 
measured with a single variable. The large number of variables needed to explain these 
relationships are often inter-correlated and make the analysis hard to interpret. Principal 
component analysis with varimax rotation was used to collapse the ten variables used to 
describe community structural factors into a smaller number of variables. Factor scores 
were calculated for each zip code for each of the combinations of variables. Finally, a 
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regression analysis using participation rates as the dependent variable and each of the 
combined variables for community structure as the independent variables were used.   
Results 
Results of our study are based in 371 zip codes in SC. The means and standard 
deviations of the participation rate and community structure variables used in the analysis 
are shown in Table 5.2.   
Table 5.2 Means and Standard Deviations for Indicators of Community Structure and 




Female headed houses 16.5 5.3 
Poverty rate 20.7 9.3 
Unemployment rate 12.2 6.6 
Vacant housing units  16.1 9.5 
Black /white ratio 1.0 1.7 
Elderly population  14.8 4.6 
Child /adult ratio 0.3 0.1 
Male /female ratio 1.0 0.2 
Tenure <10 years 24.8 12.5 
Recent movement  12.2 7.5 
Participation  2.0 2.3 
 
Factors with an eigenvalue of 1 account for as much variance as a single variable. 
Three factors with an eigenvalue greater than 1 that have conceptual sense were retained 
for further analysis. Table 5.3 shows the rotated factor loadings and final communalities. 
These factors explained 62.0% of the variance in the set of variables. 
Factor 1, loaded female headed houses, poverty rate, unemployment and 
black/white ratio. This factor explained the largest portion of variance, and was labeled 
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“economic disadvantage”. Three variables loaded for factor 2, these included vacant 
housing, elderly population and child/adult ratio this was labeled “family structure”. The 
third factor is related to housing instability. It includes the proportion of the households 
who lived in their current home for less than 10 years and the percent of households that 
have moved in less than one year.  
Table 5.3. Rotated Factor Loadings, Final Communalities, and Percent Variance 














0.776 0.817 -0.274 -0.183 
Poverty rate 0.694 0.812 -0.029 0.185 
Unemployment rate 0.446 0.667 0.009 -0.032 
Vacant housing 
units 
0.670 0.073 0.815 -0.011 
Black /white ratio 0.469 0.650 0.097 -0.191 
Elderly population 0.768 -0.131 0.850 -0.167 
Child /adult ratio 0.809 0.051 -0.863 -0.247 
Male /female ratio 0.142 0.098 0.039 0.363 
Tenure <10 years 0.676 -0.242 0.047 0.784 
Recent movement 0.746 -0.160 -0.084 0.845 
Factors 1, 2, and 3 explained 62.0 percent of the variance in the set of variables  
Regression analysis  
The model explained 22.2 percent of the variance in the participation rate. The 
strongest effect on participation rate was economic disadvantage. The coefficient for this 
factor was positive and statistically significant. Areas with intertwined female-headed 
households, conditions of poverty rate, higher unemployment rates, and higher ratio of 
black to white residents had the highest percentage of participation. Factor 3, mobility 
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instability was negative and statistically significant. Areas with greater movement had a 
lower participation rates.  The family structure factor was not significant (Table 5.4).  
Table 5.4 Regression Parameter Estimates for Community Structural Factors and 
Percentage of Participation in the OAA, 2013 
Variable Estimate Standard Error t-Ratio Prob >│t│ 
Intercept  1.958 0.092 21.20 <0.0001* 
Factor 1  0.829 0.092 8.98 <0.0001* 
Factor 2 0.069 0.093 0.74 0.4580 
Factor 3 -0.450 0.093 -4.84 <0.0001* 
 Note – n=371. R2 =0.222; R2 adjusted= 0.216; F Ratio 34.99 (3, 367); p-value <0.0005 
 
Discussion  
 The principal component analysis produced three factors from the initial 10 
neighborhood socioeconomic variables. These factors were labeled as (1) economic 
disadvantage, (2) family structure, and (3) housing instability. Ernst (2001), found similar 
factors from 11 initial neighborhood socioeconomic indicators to explain childhood 
maltreatment rates. In this study, the three factors explained 62.0% of the variance in the 
set of variables, while child maltreatment studies explained 75 to 78 percent of the 
variance (Coulton et al., 1995; Ernst, 2001). This could be due to the fact that both 
studies that aimed to examine the relationship of child maltreatment rates and 
neighborhood socioeconomic factors started with 11 indicators instead of 10.  
 The results of the regression analysis examined the relationship between 
neighborhood factors and AAA’s services participation rates. In SC, economic 
disadvantage accounted for most of the variance in the participation rates. Zip codes at 
greater economic disadvantage showed higher participation rates. These results could 
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indicate that the AAA’s are doing a good job in targeting their services to individuals at 
greatest economic need even when the services provided are not means-tested. 
Furthermore, older adults at higher nutritional risk receiving services from AAA in SC 
are located in the I-95 Corridor (Ugalde, Carson, Dye, & Haley-Zitlin, 2015). This area is 
characterized as rural with lower median household income, higher poverty rates, and 
greater disparities in access to healthcare and quality education compared to other areas 
of SC (Heidari & Myers, 2013). 
The presence of neighborhood segregation by socio economic indicators may 
suggest that the local food environment may contribute to socioeconomic differences in 
health (L. V. Moore & Diez Roux, 2006).  Supermarkets often offer a wider variety of 
food items, including healthier food items, and lower food prices compared with smaller 
food stores. Studies investigating links between presence of food stores and diet found 
that neighborhood residents with better access to supermarkets and other retail stores that 
provide access to healthful food products tend to have healthier food intakes (Diez Roux 
& Mair, 2010). Access to healthful foods is limited in poorer neighborhood because 
stores are less likely to carry nutritious foods and those for special dietary needs. Healthy 
food including whole-grain products, low-fat dairy foods and fresh fruits and vegetables, 
may be less available, and cost more, in poor minority neighborhoods than in wealthier 
ones. For low-income older adults, the price and perceived worth of food are important 
considerations in food purchases.  
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Availability of transportation services in the community is very important. Poor 
neighborhoods are often located in rural areas where access to local stores and health 
services require longer distances. Many older adults do not drive or could no longer 
afford a car. The combination of declines in physical and cognitive functioning, increased 
discomfort with driving, and fewer contacts with social network members could lead to a 
greater dependence on the immediate residential neighborhood for services (Yen et al., 
2009). Individuals without transportation rely on others to shop or in the availability of 
local food programs to get their meals. In addition, increasing expenses related to 
transportation required to bring seniors to meal sites and deliver meals to the home, 
nutrition service programs that provide healthy meals to older adults have less reach in 
rural communities (Nicklett & Kadell, 2013). 
Results also indicated that zip codes with higher housing instability had lower 
participation rates in services provided by AAA’s.  Older adults are at a high risk of 
housing instability due to a loss of forced by retirement, ageism in the job market, and 
limited pension benefits and retirement savings (Waldbrook, 2013).  Additionally, older 
adults with physical disabilities, Alzheimer disease cannot maintain their homes. 
Affordable housing is an important form of income for older adults and could prevent 
them from cutting back on other basic needs such as food and medication. Only 4 percent 
of homeowners are food insecure compared with 14.6 percent of renters, and only one in 
one-hundred homeowners suffer from hunger compared to one in twenty renters (Ziliak 
et al., 2008).  
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As a conclusion, findings from this study suggest that neighborhood 
socioeconomic characteristics are associated with participation rates of services provided 
by AAA’s. Currently, the OAA Nutrition Program reaches <5% of all older adults (Kamp 
et al., 2010). With the expected growth of the older adult population, functions such as 
nutrition service needs assessment, planning and development as well as nutrition 
education and assessment, goal setting, and evaluation should be increased. However 
increased resource allocation is required.  
Recipients of AAA services in disadvantaged areas may have different needs than 
older adults in wealthier areas. Program leaders should evaluate the need of providing 
meals during weekends or multiple meals per day. If resources are scarce, a snack 
including a fruit, a vegetable, a dairy product could be included as part of the meals since 
these are the foods individuals might have less access to. Individuals living in these areas 
could also benefit from nutritional counseling and nutrition education in topics such as 
tips on budgeting nutrient-dense foods to save some money in purchases, cooking skills 
etc.  AAA’s located in poor neighborhoods should increase awareness of other food 
assistance programs such as the Supplemental Assistance Program (SNAP) or United 
States Department of Agriculture (USDA) Seniors Farmers Market.  
Further research should consider community-based participatory research 
methods to understand the nutritional needs of older adults in disadvantaged 
neighborhoods. These methods involve older neighborhood residents in identifying 
factors and mechanisms that influence their nutritional health. These efforts could lead in 
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creating efficacy and sustaining advocacy efforts over time. Additionally, developing 
strategies that attract and retain healthy foods in poor neighborhoods could prevent 
















SUMMARY OF LIMITATIONS, CONCLUSIONS AND RECOMMENDATIONS 
Limitations  
Limitations of our study included results being based on 1-year of self-reported 
data for program participants of services provided by AAA in SC, lack of state wide 
standards and training related to assessment administration, and the inability to view the 
number of meals clients received per week. It is recommended to standardize the 
administration of the assessment tool, continue monitoring the nutritional risk geographic 
variation for longer periods of time and utilize Registered Dietitians, as stated in the 
Older Americans Act, in the planning and implementation of nutrition services to better 
understand the needs of this population.  
Recommendations 
 Refining data entry to show how many meals per week a client receives  
 Employ Registered dietitians to provide technical support and guidance to AAA 
and local providers  
 Reassessing the placement of meal sites using GIS technology and food assistance 
provided  






 Lower Savannah, Pee Dee and Berkely-Charleston-Dorechester Area Agencies on 
Aging where service recipients had higher nutritional risk with the state.  
 Three major factors that influenced the nutrition status of older adults receiving 
services from the AAA in SC in 2013 were the presence of chronic diseases, the 
use of multiple medications and diet quality.  
 The nutritional risk of older adults receiving services from the AAA in SC in 
2013 presented patterns of clustering. 
 Hot spots of high nutritional risk among AAA participants were found in the I-95 
corridor and 3 the Promise Zone.  
 Participation rates of older adults receiving services from AAA in SC in 2013 
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